A population of 450-500 belugas (Ddphtnapterus Icucas) resides in the polluted estuary of the St. Lawrence River. Stranded carcasses of this endangered population were recovered and necropsied. High concentrations of organochlorines. heavy metals. and benzo-a-pyrene exposure were denionstrated in tissues of these whales. Betwcen 1988 and 1990, 21 tumors were found in 12 out of 24 carcasses. Among these tumors, six were malignant and 15 were benign. The animals were between 1.5 and >29 years of age, and the ages of animals with and without tumors did not differ when two juvenile animals (1.5 and 3.5 years of age) were excluded. Seven other neoplasms had been reported previously in six out of 2 1 well-preserved carcasses examined in the same laboratory between 1982 and 1987. Overall, 28 of the 75 confirmed tumors reported so far in cetaceans (37%) were from this small population of beluga whales in the St. Lawrence Estuary. Such a high prevalence of tumors would suggest an influence of contaminants through a direct carcinogenic effect and/or a decreased resistance to the development of tumors in this population.
A small population of beluga whales (Delphinapterus leucas) resides in the St. Lawrence Estuary. Retrospective studies have shown that this population may have numbered 5,000 animals at the beginning of the century. 36 Initially reduced by heavy hunting pressure in the first half of the century, the population is presently estimated at 500 and does not seem to be recovering. Many severe lesions have been reported in this small, isolated population, and high concentrations of organochlorines and heavy metals and benzo-a-pyrene (BaP) exposure have been demonstrated in the tissues of these animals (S. 
Materials and Methods
Twenty-four beluga whale carcasses found along the St. Lawrence River and Estuary were examined at the Veterinary There wcre 10 males. 13 females. and one hermaphrodite; the mean and median ages were 19.54 years and 20.50 years, respectively (Table 1) . Aftcr a complete gross examination, sections ofskin. brain. heart. lungs. mediastinal lymph nodes, thymus (when found). thyroid, tongue. esophagus, the four gastric compartments. intestine, spleen, liver. pancreas, kidneys. urinary bladder. adrenals. diaphragm, lumbar muscle, and genital tract (testes. epididymis, vas deferens, and penis or ovaries, uterus. cervix. and vagina), as well as any other lesion. were fixed in 10°/o neutral buffered formalin, embedded in paraffin. cut into 5-7-llm sections. and routinely stained with hcmatoxylin, phloxin. and saffron for histopathologic examinations. Special stains were also used when needed. Six cetaceans and I5 pinnipeds from the same waters were also examined in the same way: four Atlantic white-sided dolphins (Lagcnorh!xcirs acutus). an adult and a juvenile male of unknown age. a 10-year-old male, and a 7-year-old animal of unknown sex: two female harbor porpoises (Phoc~m~a p l~o c o c n a ) .
ages 1 and 9 years; eight harbor seals (Phoca i,ifu/i/m). two adult females of unknown age, four females ages 0.5. 1, 13. and 22 years. and two males ages 3 and 13 years: three harp seals (Pagciphilirs grocnlandicus). a 14-yearold female. an adult female of unknown age, and a 20-yearold male: three gray seals (I-iulichoerirs g/:ipus), two adult females and an adult male of unknown age; and a 4-year-old female seal of unknown species. Also, five Arctic belugas (three females ages 3. 19. and 21 years and two males ages 14 and 16 years) killed by Inuit were examined during the same period. Ages of odontocetes and pinnipeds were determined by examination of tooth sections. The methodology previously described4* and the standard of two growth layer groups per year9 were used for age determination in belugas. Ages of other odontocetes and pinnipeds were determined Results Twenty-one tumors ofwhich six were malignant and 15 benign, and two abdominal masses (possible neoplasms that could not be confirmed histopathologically, partly because of marked autolysis) were observed in 12 of 24 beluga whales necropsied between 1988 and 1990 (beluga Nos. 2, 5, 9-12, 14, 16-20; Table 1 ).
In beluga No. 2 with a scirrhous gastric adenocarcinoma, a whitish, firm, irregularly shaped verrucous mass measuring 14 x 16 x 12 cm was attached to the second gastric compartment, along with a smaller mass (8 x 5 x 3 cm) of similar appearance. On sections, the masses were whitish and highly fibrous, with numerous small irregularly outlined reddish areas. The masses were composed of small scattered foci of neoplastic epithelial cells forming tubular glands separated by an abundant collagenous stroma. These glandular structures were lined with cuboidal cells with marked nuclear pleomorphism and frequent mitoses.
Another animal (No. 5) had a large (18 x 9.5 x 8 cm) irregular mass, along with eight medium-sized (6 cm in diameter) and 10-1 5 small (1-2 cm in diameter) spherical masses that were homogeneously white, firm, and completely embedded in the liver parenchyma. The poorly defined and infiltrating masses were made of large eosinophilic vacuolated cells with a highly basophilic irregularly shaped nucleus, sometimes containing mottled chromatin, and a prominent nucleolus of variable size. The masses corresponded to a hepatocellular carcinoma, with invasion of some lymphatic vessels. Anisocytosis and anisokaryosis were marked, and zero to two mitoses were observed per high power field. The right mammary gland, which was larger than the left one, was very firm, whitish, and lobulated. This gland was replaced by a tubular mammary adenocar-Vet Pathol 31:4. 1994 cinoma forming tubules, a few islets, and trabeculae often surrounded by a moderate amount of fibrous tissue, with invasion of some blood vessels. Anisocytosis and anisokaryosis were marked, and numerous mitoses were found. A well-defined 1-cm nodule of differentiated cartilage, a chondroma, was also observed in the caudal part of the left lung.
Eight belugas (Nos. 9-1 2, 14, 17-1 9) had one to 20 papillomas in the first gastric compartment. Five of these animals (Nos. 9, 11, 17-19) also had another tumor. These papillomas and their possible viral etiology have been described elsewhere (S. De Guise et al., unpublished).
A female (No. 9) had a 0.5-cm nodule in the stroma of an ovary that was not grossly noticeable. The nodule looked like a follicular structure divided by thin septa usually covered with one or more layers of flattened to cuboidal cells with a round to oval nucleus. Solid areas were more typical of a granulosa cell tumor.
In one female (No. 16), the right ovary was almost entirely replaced by a mass uniformly white on section with a smooth surface except at its lobulated cranial pole. This ovary was 24 x 12 x 10.5 cm, and the normal left ovary was 12 x 5 x 2.5 cm. The mass was composed of islets and cords of cells of various sizes supported by a fibrous stroma of variable abundance. These cells were oval to polygonal with a moderately abundant, densely eosinophilic granular cytoplasm. The basophilic round to oval nucleus was sometimes centrally located but was more often eccentric. The chromatin was granular or mottled, and the eosinophilic nucleolus was often prominent. Anisocytosis and anisokaryosis were marked, and zero to one mitosis was found per high power field. The uterus and the broad ligament were firm and greatly thickened, and the uterine mucosa was edematous. Moderate to marked hyperplasia of the tubular glands of the submucosa was found, along with very severe edema of the submucosa.
Beluga No. 11 had an adrenal gland with a thin cortex and an irregularly enlarged medulla. The medulla consisted of nodules of various sizes sometimes composed of cells with a more basophilic cytoplasm than the surrounding cells. The largest nodule was ca. 1 cm in diameter, was partially encapsulated, and clearly contained fewer fibrovascular trabeculae than did the surrounding tissue. These features are interpreted as a pheochromocytoma of the adrenal medulla.
Scirrhous intestinal adenocarcinomas appeared as ulcerated, firm diffuse severe thickenings of the intestinal wall. The firm thickenings partially obstructed the intestinal lumen 5 m distal to the pylorus in animal No. 17 and 5.5 ni proximal to the anus in animal No. 18. In both animals, the portion of intestine proximal to the obstruction was dilated, whereas the distal portion contained little material. Portions of tubular glands were found invading the underlying submucosa and muscles in an abundant fibrous stroma. These tubular glands were covered by a single layer of cuboidal to columnar cells, with mild to moderate anisocytosis and anisokaryosis, and few mitoses were observed.
A very small cavernous hemangioma was found on the penile mucosa of animal No. 17. Grossly, a 3-mm hemorrhagic area associated with few pinpoint depressions was located on the penile mucosa within the preputial pouch. A nonencapsulated mass located in the lamina propria raised the overlying thickened malpighian epithelium. This mass was less than l mm thick, and was composed of vascular spaces filled with erythrocytes and lined by a single layer of endothelial cells with flattened to oval nuclei that protruded slightly into the lumen of these spaces.
A poorly differentiated carcinoma was found in the mediastinum another beluga (No. 19). It appeared as an 18-x 12-x 8-cm whitish and moderately firm mass located between the aortic arch and the sternum, to which it was attached. On cut section, the shiny surface of the mass revealed a lobulated architecture, with lobules approximately 2 cm in diameter and a few 1 -cm necrohemorrhagic foci. Approximately 30 nodules between 1 and 4.5 cm in diameter and with a similar color and consistency were found in the liver parenchyma. The mass was formed of sheets of large irregularly shaped cells with a variable amount of eosinophilic cytoplasm and a large weakly basophilic nucleus containing a large prominent nucleolus sometimes surrounded by a clear halo. Anisocytosis and anisokaryosis were very marked, and zero to three mitoses per high power field and many cellular monstrosities were visible. These cellular sheets were supported by connective tissue trabeculae of various sizes. The masses in the liver, smaller masses in the wall of the second gastric compartment, and micrometastases in the lungs, pancreas, and testicles were histologically similar. The masses in the second gastric compartment caused ulcers of the overlying mucosa.
In beluga No. 20, a 9-x 13-x 19-cm firm, irregularly shaped mass was attached to the external surface of the second gastric compartment. On section, the mass was mostly composed of fibrous tissue with some mineralized areas, a few small reddish islets, and a few small abscesses. Many areas showed mineralization, and typical fibrocytes were often visualized in the fibroma, which was mostly formed of dense fibrous tissue. Two small thyroid adenomas were not grossly noticeable. They were formed of two encapsulated nodules, 1.5 cm and 3 mm, that compressed the surrounding parenchyma. The larger nodule was formed of follicles of various sizes containing colloid and lined Vet Pathol 3 I :4, I994
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by a cuboidal to flattened epithelium. The smaller nodule showed a microfollicular structure with abundant septa covered by a thin epithelium. Three firm masses in the cranial left portion of the abdominal cavity of animal No. 29 were 27 x 25 x 13 cm, 16 x 9 x 9 cm, and 7.5 x 6 x 5 cm and weighed 4.33 kg, 600 g, and 125 g, respectively. They had a brownish surface and were partially attached to the omentum. On section, they were whitish, with a few bony trabeculae that were usually in the center of the masses. Because marked autolysis prevented any histopathologic confirmation, these masses were diagnosed as probable neoplasms.
In animal No. 24 , an 1 I -x 6-x 6-cm cylindrical mass was attached to and covered by the omentum, which entered one of the extremities of the mass. This mass was firm and partially covered by a whitish firm tissue that resembled bone. The mass was made of dense fibrous tissue with calcified areas and a few ossified foci. This lesion probably corresponded to the healing of an inflammatory or degenerative process, but autolysis did not allow exclusion of the possibility of a neoplasm.
The condition index of the 24 St. Lawrence belugas examined between I988 and 1990 ranged from 19.2% to 53.8%, with a mean of 42.6%. Only two animals (Nos. 1,3) were considered emaciated (condition index of 22.2% and 19.2%, respectively), and two others (Nos. 4, 15) were considered thin (condition index of 32.0% and 29.8%, respectively). None of the animals with tumors were thin or emaciated.
Tumors were not observed in four carcasses of Atlantic white-sided dolphins, two carcasses of harbor porpoises, and 15 carcasses of three species of seals (Phoca vitulina, Pagophilus groenlandicus, Halichoerus grypus) from the same waters nor in five Arctic belugas necropsied during the same period.
Discussion
A total of 2 1 tumors were found in 24 beluga whales from the St. Lawrence Estuary between 1988 and 1990. Twelve animals (50%) had at least one tumor, and seven animals had more than one tumor. The prevalence of malignant tumors was 21% (5/24 animals), and the prevalence of benign tumors was 46% (1 1/24 animals). The age distributions of adult animals with and without tumors did not differ significantly: those with malignant tumors were between 18+ and 2 9 1 years old, those with benign tumors were between 14 and 29 + years old, and those without tumors were two juveniles (ages 1.5 and 3.5 years) and 10 adults (ages 13-27 years). There was no difference with regards to sex; animals with tumors were six females, five males, and one hermaphrodite ( S . De Guise et al., unpublished).
Between 1982 and 1990, 45 St. Lawrence belugas were examined histopathologically in our laboratory (unpublished data). '8,29,31 In addition to the 21 neoplasms described here, seven ~t h e r~~~~~~,~ were found between 1982 and 1987, one ofwhich was included in a review paper.I6 Therefore, a total of 28 tumors were found in this population, and 18 animals (40%) had at least one neoplasm.
In a review of tumors reported in cetaceans,I6 41 were retained as true neoplasms. One of those tumors was a transitional cell carcinoma reported in a beluga whale from the St. Lawrence.31 Since then, only seven additional tumors have been reported in cetaceans from various location^.^,^^^^^^,^^ Tumors were not found in 18 dolphins and whales in British waters3 or in approximately 50 beluga whale carcasses examined in the Arctic (D. J. St. Aubin, personal communication). The Arctic data may not be fully representative because they come from randomly selected animals rather than from stranded animals that died from natural causes. Only two tumors were found in at least 41 harbor porpoises examined in the United K i n g d~m .~.~ Geraci et al. examined over 1,800 cetaceans and found 14 neoplasms.16 Worldwide, a total of 75 tumors have been reported in cetaceans, of which 28 (37%) have come from the same small St. Lawrence population of around 500 beluga whales.
In humans and other animals, progressive weight loss involving the muscular mass and lipid stores and accompanied by marked weakness, anorexia, and anemia are common features of terminal stage cancers. In contrast, none of the beluga whales with malignant tumors were emaciated, as defined by their condition index, even though each case was terminal in the sense that it had naturally progressed to death. Muscular mass and tissue lipids, as opposed to blubber, may have been affected, but these parameters were not measured. This observation supports the major role of blubber in the immediate survival of beluga whales.
Except for the gastric papillomas observed in eight animals between 1988 and 1990 (S. De Guise et al., unpublished), the direct etiologic agents for the observed tumors are unknown, but two factors could explain the high prevalence of tumors in the population. First, these belugas may have been exposed to various toxic compounds, some of which have a recognized role in carcinogenesis. Some polycyclic aromatic hydrocarbons (PAH), such as BaP, are among the most potent carcinogens, acting as Others, such as PCBs, although not directly carcinogenic, are recognized as promotors for the induction of tumors in initiated cells." PAHs have been found in the St. Law-rence beluga whale e n v i r~n m e n t ,~' ,~~ and high concentrations of organochlorines and heavy metals,28.33.48 as well as BaP e x p o s~r e ,~~~~~ have been demonstrated in tissues of these whales. Attention should also be paid to the numerous compounds that do not induce tumors but do induce hyperplasia because hyperplasia was recently pointed out as an important event in carcinogenesis. lo The second factor is a decrease in immune efficiency. An increased frequency of tumors, mostly of the lymphoreticular type, has been observed in immunodeficient h o~t s . l J I ,~~
The importance of T lymphocytes in immune surveillance for tumors induced by DNA viruses has been indicated by the greater susceptibility of athymic mice (nude mice) to virus-induced neop l a s m~.~'~~ Beige mice, which bear a mutant gene responsible for a partial dysfunction of NK cells in vitro, are indeed slightly more susceptible to tumor grafts and to the development of primary tumors induced by chemical carcinogen^,^^ therefore suggesting a role for NK cells in immune surveillance. Several studies have shown that the activity of NK cells is influenced by many factors, including age,32 copperZ1 and iron44 deficiency, selenium exposure,22 levels of vitamin AI7 or its prec~rsors,~ of luteotrophic of growth and of and host en~ironment.'~ Some of these factors are in turn influenced by specific contaminants such as those found in beluga whale tissues; for example, concentrations of estrogens, hormones, and vitamin A and its precursors can be altered by PCBs and DDT.6 In addition, contaminants such as PCBs are direct immunosuppressors. 47 The absence of tumors in other species of marine mammals from the same area, which contained lower concentrations of toxic chemicals, suggests feeding, metabolic, or susceptibility differences among species. In belugas, susceptibility variations among populations might be due to genetic differences, and genetic studies are currently ongoing.
Thirty-seven percent of all the tumors reported in cetaceans were found in the small population of beluga whales that reside in the St. Lawrence River and Estuary. This prevalence of tumors is surprisingly high and would suggest an influence of carcinogenic compounds and/or a decreased resistance to the development of tumors. Potentially carcinogenic compounds or their metabolites have been identified in tissues of St. Lawrence belugas. A complete immunotoxicologic evaluation of St. Lawrence beluga whales similar to an evaluation of control Arctic beluga whales is currently planned.20~4s 
